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1
CASCADE TOUCH CONTROL SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a touch control
system, and more particularly to a cascade touch control
system.

2. Description of Related Art

A touch panel 1s a sensor device that 1s used to detect
touch 1nputs on a display screen. Touch panels are used 1n a
wide range of devices, such as smartphones, tablets, laptops,
and other electronic devices.

Electromagnetic interference (EMI) can negatively
impact the performance of touch panels. EMI can be caused
by a variety of sources, such as radio frequency (RF) signals,
power lines, and other electronic devices.

Capacitive touch panels work by detecting changes in
capacitance. They consist of a layer of glass or plastic coated
with a transparent conductor such as indium tin oxide (ITO).
When a finger touches the screen, i1t changes the electrical
field on the surface of the screen, and this change 1s detected
by sensors located at the corners of the screen. Capacitive
touch panels, which are commonly used in smartphones and
other portable devices, are particularly susceptible to EMI.

The rapid growth of electric vehicles has increased the
demand for electronic products in the automotive field.
These products include navigation, audio and video equip-
ment, as well as various chips that control the car’s func-
tions, such as autonomous driving, driving assistance sys-
tems, etc. To ensure the smooth operation of these products,
the circuit design must reduce EMI, which 1s the interference
between different electronic parts 1n the car. EMI can aflect
the performance and safety of the car, so 1t 1s very important
to avoid 1t 1n automotive applications.

For car touchscreens, satety requires a thick glass cover
on the panel. This makes the touch etlect worse. To improve
the touch eflect, some methods however increase EMI. EMI
1s more serious for larger panels.

As devices like mobile phones or tablets become slimmer,
the gap between the touch panel and the display panel
shrinks. This increases the parasitic capacitance between
them. The display panel generates a lot of noise interference
when 1t switches. The noise charge may be much higher than
the signal received, which can interfere with the detection of
touch signals.

One of the challenges 1 designing touch sensors for
automotive applications 1s to achieve high touch h pertor-
mance while minimizing -electromagnetic interference
(EMI). Theretore, there 1s a demand for a new approach that
can enhance the touch sensitivity and reduce the EMI level
for automotive applications.

SUMMARY OF THE INVENTION

In view of the foregoing, it 1s an object of the embodiment
of the present invention to provide a cascade touch control
system capable of eflectively reducing electromagnetic
interference (EMI) without sacrificing touch performance.

According to one embodiment, a cascade touch control
system 1ncludes a touch panel and a plurality of drivers. The
touch panel 1s composed of a plurality of transmit lines and
a plurality of recerve lines. The drivers control correspond-
ing blocks of the touch panel, each block being divided into
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2

matrices each including same number of transmit lines and
receive lines. Multi-tone touch control 1s performed on
matrices of the blocks.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a simplified block diagram exemplifying a
touch control system;

FIG. 2A shows exemplary timing diagrams of transmit
signals of the touch control system adopting multi-tone
touch control;

FIG. 2B schematically shows transmit signals and corre-
sponding time intervals with associated receive lines;

FIG. 2C shows mathematical expression of the transmit
signals and the receive signals;

FIG. 3A and FIG. 3B show simplified schematic diagrams
illustrating a cascade touch control system:;

FIG. 4A and FIG. 4B show simplified schematic diagrams
illustrating a cascade touch control system according to one
embodiment of the present invention;

FIG. 5A and FIG. 5B show simplified schematic diagrams
illustrating a cascade touch control system according to
another embodiment of the present invention;

FIG. 6 shows a simplified schematic diagram 1llustrating,
a cascade touch control system according to a further
embodiment of the present invention;

FIG. 7 shows a block diagram 1llustrating a circuit adapt-
able to processing the receive signals of the cascade touch
control system of FIG. 6;

FIG. 8 shows a simplified schematic diagram illustrating
a cascade touch control system according to a further
embodiment of the present invention; and

FIG. 9 shows a simplified schematic diagram illustrating,
a cascade touch control system according to a further
embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

FIG. 1 shows a simplified block diagram exemplifying a
touch control system 100. Specifically, the touch control
system 100 may include a touch panel 11 composed of a
plurality of transmit lines, for example, TX1-TX8 disposed
on a first layer and a plurality of receive lines, for example,
RX1-RX8 disposed on a second layer. There are capacitors
respectively located at intersections of the transmit lines
TX1-TX8 and the receive lines RX1-RX8 for detecting a
touch position (1.e., single-touch) or multiple touch positions
(1.e., multi-touch).

The touch control system 100 may include a transmitter
12 configured to transmit at least one transmit signal (at a
time) to corresponding transmit line TX1-TX8. The touch
control system 100 may include a receiver 13 configured to
receive at least one receive signal (at a time) from corre-
sponding receive line RX1-RXS.

FIG. 2A shows exemplary timing diagrams of transmit
signals of the touch control system 100 adopting multi-tone
touch control performing on a matrix with N transmit lines
and N receive lines, that 1s, NxN matrix, N 1s a positive
integer greater than one (4x4 matrix 1s exemplified here).

Specifically, 1 the first time interval I, transmit signals
[-1 +1 +1 +1] are transmaitted (at the same time) via transmit
lines TX1-TX4 associated with a receive signal w via
receive line RX1; in the second time interval II, transmait
signals [+1 -1 +1 +1] are transmitted via transmit lines
TX1-TX4 associated with a recerve signal x via recerve line
RX2; 1n the third time interval III, transmit signals [+1 +1 -1
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+1] are transmitted via transmit lines TX1-TX4 associated
with a receive signal y via receive line RX3; and in the
fourth time interval 1V, transmit signals [+1 +1 +1 -1] are
transmitted via transmit lines TX1-TX4 associated with a
receive signal z via receive line RX4. Generally speaking,
for each matrix (with same number of transmit lines and
receive lines) of the touch panel 11, transmit signals are
transmitted i1n each time interval associated with a corre-
sponding receive line, of which one transmit signal has a
phase opposite to other transmit signals, and different trans-
mit signals with the opposite phase correspond to diflerent
time 1ntervals.

FIG. 2B schematically shows transmit signals and corre-
sponding time intervals with associated receive lines RX1-
RX4, where a, b, ¢ and d represent capacitances (for
detecting touching) at intersections of the transmit lines
TX1-TX4 and a receive line. FIG. 2C shows mathematical
expression of the transmit signals and the receive signals w,
X, v, Z. Because the transmit signals are encoded, when a
certain receive signal 1s contaminated by noise, the noise
will be averaged before obtaining the capacitances a, b, ¢
and d for detecting touching.

FIG. 3A and FIG. 3B show simplified schematic diagrams
illustrating a cascade touch control system 200A. The touch
panel 21 1s divided into multiple (1.e., at least two) blocks
(e.g., a first block 21A and a second block 21B) that are
controlled by corresponding drivers 22 (e.g., a first driver
22A and a second dnver 22B). Further, the blocks are
respectively divided into matrices each including same
number of transmit lines and receive lines, for example, N
transmit lines and N receive lines, that 15, NxN matrix, N 1s
a positive integer greater than one (4x4 matrix 1s exemplified
here).

Multi-tone touch control of the cascade touch control
system 200A 1s similar to the touch control system 100 (of
FIG. 1 through FIG. 2C) except that same multi-tone touch
control 1s performed on corresponding same matrices (of
transmit lines and receive lines) of the multiple blocks of the
touch panel 21 at the same time by associated drivers 22. As
exemplified in FIG. 3A, multi-tone touch control 1s per-
formed on a first 4x4 matrix (generally m-th matrix, m 1s a
positive mteger) of the first block 21A and a first 4x4 matrix
(generally m-th matrix) of the second block 21B at the same
time for four time intervals. Next, as exemplified 1n FIG. 3B,
multi-tone touch control 1s performed on a second 4x4
matrix of the first block 21A and a second 4x4 matrix of the
second block 21B at the same time for four time intervals.

FIG. 4A and FI1G. 4B show simplified schematic diagrams
illustrating a cascade touch control system 200B according
to one embodiment of the present invention. Multi-tone
touch control of the cascade touch control system 200B of
FIG. 4A/4B 1s similar to the cascade touch control system
200A of FIG. 3A/3B except that, 1n the present embodiment,
different (or opposite) multi-tone touch controls are per-
formed on corresponding same matrices (of transmit lines
and receive lines) of the multiple blocks of the touch panel
21 at the same time by associated drivers 22. Specifically,
any transmit signal 1n one block at any given time has a
phase opposite to a corresponding transmit signal 1n another
block.

As exemplified 1n FI1G. 4A, transmit signals [-1 +1 +1 +1]
of a first matrix of the first block 21A are transmitted
associated with a receive line and (opposite) transmit signals
[+1 -1 -1 -1] of a corresponding first matrix of the second
block 21B are transmitted associated with a corresponding,
receive line at the same time interval. Next, as exemplified
in FIG. 4B, transmit signals [-1 +1 +1 +1] of a second
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matrix of the first block 21 A are transmitted associated with
a rece1ve line and (opposite) transmit signals [+1 -1 =1 —1]
of a corresponding second matrix of the second block 21B
are transmitted associated with a corresponding receive line
at the same time 1nterval. It 1s noted that, as any transmit
signal 1n one block at any given time has a phase opposite
to a corresponding transmit signal in another block in the
present embodiment, electromagnetic interference (EMI)
can be substantially reduced compared to the cascade touch

control system 200A of FIG. 3A/3B.

FIG. 5A and FIG. 5B show simplified schematic diagrams
illustrating a cascade touch control system 200C according
to another embodiment of the present invention. Multi-tone
touch control of the cascade touch control system 200C of
FIG. SA/5B 1s similar to the cascade touch control system
200B of FIG. 4A/4B except that, 1n the present embodiment,
different (or opposite) multi-tone touch controls are per-
formed on corresponding neighbor matrices (of transmit
lines and receive lines) of the multiple blocks of the touch
panel 21 at the same time by associated drivers 22. Gener-
ally speaking, different (or opposite) multi-tone touch con-
trols are performed on m-th matrix of one block and on
(m=1)-th matrix of another block, respectively.

As exemplified 1n FIG. 5A, transmit signals [-1 +1 +1 +1]
of a first matrix (generally m-th matrix, m 1s a positive
integer) of the first block 21A are transmitted associated
with a receive line and (opposite) transmit signals [+1 -1 -1
—1] of a corresponding neighbor second matrix (generally
(m=1)-th matrix) of the second block 21B are transmitted
associated with a corresponding receive line at the same
time interval. Next, as exemplified i FIG. 5B, transmit
signals [-1 +1 +1 +1] of a second matrix (generally (m=1)-th
matrix) of the first block 21A are transmitted associated with
a recerve line and (opposite) transmit signals [+1 —1 -1 —1]
of a corresponding neighbor first matrix (generally m-th
matrix) of the second block 21B are transmitted associated
with a corresponding receive line at the same time nterval.
It 1s noted that, as opposite multi-tone touch controls are
performed on corresponding neighbor matrices (instead of
the corresponding same matrices as in FIG. 4A/4B) of the
multiple blocks of the touch panel 21 at the same time,
erroneous detecting of touching at the junction of two blocks
21A and 21B may be prevented.

In an alternative embodiment, corresponding neighbor
matrices of the blocks 21A and 21B are separated by at least
one matrix. Generally speaking, different (or opposite)
multi-tone touch controls are performed on m-th matrix of
one block and on (m=p)-th matrix (p 1s a positive integer
greater than one) of another block, respectively.

FIG. 6 shows a simplified schematic diagram illustrating,
a cascade touch control system 200D according to a further
embodiment of the present invention. Multi-tone touch
control of the cascade touch control system 200D of FIG. 6
1s similar to the cascade touch control system 200B of FIG.
4A/4B except for the following aspects. In the present
embodiment, i addition to performing different (opposite)
multi-tone touch control on corresponding same matrices of
the multiple blocks of the touch panel 21 at the same time
by associated drivers 22 as in FIG. 4A/4B, transmit signals
ol different matrices of the same block are transmitted with
different frequencies (e.g., 10, 11 and 12 as exemplified 1n
FIG. 6), but transmit signals of corresponding same matrices
of the blocks 21A and 21B are transmitted with the same
frequency.

FIG. 7 shows a block diagram illustrating a circuit 700
adaptable to processing the receive signals of the cascade
touch control system 200D of FIG. 6. Specifically, the circuit
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700 may include an adder 71 coupled to receive the receive
signals to generate a composite signal, which 1s then fed to
an analog front-end (AFE) circuit, for example, composed of
an amplifier 72. The amplified signal 1s fed to multiple
(narrow) band-pass filters 73 configured to pass amplified
signals with respective frequencies. The filtered signals are
selected by a multiplexer 74 and the selected signal 1s then
converted into a digital signal by an analog-to-digital con-
verter (ADC) 75.
FIG. 8 shows a simplified schematic diagram 1illustrating
a cascade touch control system 200E according to a further
embodiment of the present invention. Multi-tone touch
control of the cascade touch control system 200E of FIG. 8
1s similar to the cascade touch control system 200D of FIG.
6 except for the following aspects. In the present embodi-
ment, in addition to performing different (opposite) multi-
tone touch control on corresponding same matrices of the
multiple blocks of the touch panel 21 at the same time by
associated drivers 22 as i FIG. 6, transmit signals of
corresponding neighbor matrices of the blocks 21 A and 21B
are transmitted with the same frequency. Generally speak-
ing, transmit signals of m-th matrix of one block and
(m=1)-th matrix of another block are transmitted with the
same frequency.
FIG. 9 shows a simplified schematic diagram 1llustrating
a cascade touch control system 200F according to a further
embodiment of the present invention. Multi-tone touch
control of the cascade touch control system 200F of FIG. 9
1s similar to the cascade touch control system 200E of FIG.
8 except that corresponding neighbor matrices of the blocks
21A and 21B are separated by at least one matrix. As
exemplified in FIG. 9, the first matrnix (generally m-th
matrix) ol the block 21A and the third matrix (generally
(m=p)-th matrix, p 1s a positive integer greater than one) of
the block 21B are separated by one matrix, and transmit
signals of these matrices are transmitted with the same
frequency 10. Generally speaking, transmit signals of m-th
matrix of one block and (m=p)-th matrix (p 1s a positive
integer greater than one) of another block are transmitted
with the same frequency. Accordingly, erroneous detecting
of touching at the junction of four matrices (e.g., the first and
second matrices of the first block 21A and the first and
second matrices of the second block 21B) as 1n FIG. 8 may
be prevented.
Although specific embodiments have been illustrated and
described, 1t will be appreciated by those skilled 1n the art
that various modifications may be made without departing
from the scope of the present invention, which 1s itended to
be limited solely by the appended claims.
What 1s claimed 1s:
1. A cascade touch control system, comprising:
a touch panel composed of a plurality of transmuit lines and
a plurality of receive lines; and

a plurality of drivers controlling corresponding blocks of
the touch panel, each block being divided into matrices
cach including same number of transmit lines and
recelve lines;

wherein multi-tone touch control 1s performed on matri-

ces of the blocks:

wherein, for each matrix of each block, transmit signals

are transmitted 1n each time interval associated with a
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corresponding receive line, of which one transmit sig-
nal has a phase opposite to other transmit signals, and
different transmit signals with the opposite phase cor-
respond to different time intervals.

2. The system of claim 1, wherein opposite multi-tone
touch controls are performed on corresponding same matri-
ces of the blocks of the touch panel at a same time by
associated drivers.

3. The system of claim 2, wherein transmit signals of
different matrices of same block are transmitted with dii-
ferent frequencies, but transmit signals of corresponding
same matrices of the blocks are transmitted with same
frequency.

4. The system of claim 1, wherein any transmit signal 1n
one block at any given time has a phase opposite to a
corresponding transmit signal 1n another block.

5. The system of claim 1, wherein opposite multi-tone
touch controls are performed on m-th matrix of one block
and on (mz=1)-th matrix of another block respectively,
wherein m 1s a positive mteger.

6. The system of claim 5, wherein transmit signals of
different matrices of same block are transmitted with dii-
ferent frequencies, but transmit signals of m-th matrix of one
block and (mz1)-th matrix of another block are transmitted
with same frequency.

7. The system of claim 1, wherein opposite multi-tone
touch controls are performed on m-th matrix of one block
and on (mzp)-th matrix of another block respectively,
wherein m 1s a positive mteger and p 1s a positive integer
greater than one.

8. The system of claim 7, wherein transmit signals of
different matrices of same block are transmitted with dii-
ferent frequencies, but transmait signals of m-th matrix of one
block and (mz=p)-th matrix of another block are transmitted
with same frequency.

9. The system of claim 1, wherein each driver comprises:

a transmitter configured to transmit at least one transmit
signal to corresponding transmit line; and

a recerver configured to recerve at least one receive signal
from corresponding receive line.

10. The system of claim 1, further comprising:

capacitors respectively located at intersections of the
transmit lines and the receive lines for detecting touch-
ng.

11. The system of claim 1, further comprising:

an adder configured to add receive signals with di
frequencies to generate a composite signal;

a plurality of band-pass filters configured to pass the
receive signals with respective frequencies, thereby
generating filtered signals;

a multiplexer that selects one of the filtered signals to
generate a selected signal; and

an analog-to-digital converter that converts the selected
signal into a digital signal.

12. The system of claim 11, further comprising:

an amplifier that amplifies the composite signal to gen-

crate an amplified signal, which 1s then fed to the
plurality of band-pass filters.
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